Three hundred eight outpatients referred for hyperlension were studied. A continuous beat-tobeat noninvasive recording (Finapres) of blood pressure evaluated the blood pre ss ure increase ( 9 mm Hg systolic and 4 mm Hg diastolic) induced by office sphygmomanometry. Thereafter, patients underwent a 24-h ambulatory blood pressure monitoring. The evaluation against Finapres showed that office sphygmomanometry overestimates the systolic blood pressure by 3 ± 36 mm Hg (mean ± 2 SD) and the diastolic blood pressure by 15 ± 25 mm Hg (mean ± 2 SD). Blood pressure monitoring showed similar discrepancies. On the basis of both monitoring ( normalcy defined from a population of 550 normotensive subjects) and office sphygmomanometry, patients were considered normotensive, hypertensive ( either untreated or under active drug treatment), white coat hypertensive (monitoring below the 95th percentile and sphygmomanometry more than 140/90 mm Hg, either untreated or under active drug treatment), and reverse white coat patients (monitoring over the 95th percentile and sphygmomanometry less than 140/90 mm Hg). Patients showed different levels of alert reaction ( the highest in white coat hypertensive and the lowest in reverse white coat hypertensive patients), and a similar increase in blood pre ss ure induced by conventional sphygmomanometry. During initial readings of ambulatory monitoring, blood pressure decreased from the first reading to the third reading. This decrease is related to the increase of blood pressure under sphygmomanometry. Caution should be paid in in terpreling results of sphygmomanometry (error level in the single patient as high as ±40 mm Hg), and interpreting and averaging results of the first hour of blood pressure monitoring ( variably affected by the alert reaction to the clinical I n 1896 Scipione Riva Rocci described an indirect method for measuring blood pressure. 1 During the last century, sphygmomanometry has been improved, and new invasive and noninvasive devices have been optimized for evaluating blood pressure. Obviously the most accurate devices are the invasive transducers able to measure the intraarterial pressure, the gold standard. 2 Among noninvasive devices, photoplethysmomanometry (PPM), a beat-tobeat recording procedure based on the Pefiáz method, 3 seems the most reliable, also giving similar results to the invasive transducers. 4 • 5 A further question in assessing blood pressure values is the impartanee of dynamic changes. The 24-h profile of pressor values (ambulatory blood pressure monitoring, ABPM) is the basis of the updated evaluation of average values, variability, circadian rhythm, and response to treatment in human hypertension. 6 The dynamic evaluation is now currently available by means of validated and unvalidated ABPM recorders? Some of them have been evaluated against a 24-h invasive profile of blood pressure 8 obtained with the so-called Oxford technique. 9 ABPM recorders are quite reliable. Their major limitations are variability of results during daily activity of the patients 10 and poor results regarding the diastolic values (some 15 mm Hg higher than Oxford 11 ). An additional problem is the definition of ABPM normal values. We have learned much about hypertension through the use of sphygmomanometry and as evaluated by large-scale prospective studies, 12 which were able to provide prognostic values. These data lack not only in the field of dynamic evaluation, 13 but also in those of invasive and noninvasive (PPM) beat-to-beat recording. We are now forced to accept as normal values for ambulatory blood pressure a statistica! definition (ie, the 5th and the 95th percentile of the distribution of large-scale population studies) with unknown prognostic significance. In a hypertension unit, the basic work consists of recognition of hypertensive patients and assessment of treatment, Without true normal values, we used to emphasize the importance of sphygmomanometry and, now, we compare dynamic data (ABPM) to statistica! normallimits. The evaluation of both sphygmomanometry and ABPM is up to now the method for identifying the so-called white coat hypertension, because ABPM seems unaffected by a true white coat effect (ie, the alert reaction to the physician). The identification of these patients would be possible camparing a high blood pressure ( sphygmomanometry) versus "normal" average ABPM values. 14 An evaluation of both relationships and diserepan ei es between these methods is requested before using them together. Furthermore, their comparison with a third method, with a high correlation against an intraarterial recording, 4 • 5 such as PPM, represents
AfH-APRIL 1996-VOL. 9, NO. 4, PART 1 a useful task. Finally, by this last method, we could identify the pressor effect of a standard office sphygmomanometry and study white coat phenomena in affected patients. In addition, the assessment of the three methods in the same patients may helpus learn useful or troublesome discrepancies among different methods.
The aim of this study is to attempt to find different response patterns during the beat-to-beat continuous recording, before and after a standard office sphygmomanometry, in different patients undergoing ambulatory monitoring of arterial pressure.
PATIENTS AND METHOOS
Three hundred ninety-one consecutive outpatients referred to our hypertension unit were studied. Patients with vascular disease were not considered eligible for the study. Patients affected by secondary forms of hypertension, coronary heart disease, congestive heart failure, arrhythmias, severe metabolic disturbances, or renal failure were also not included. Three hundred eight patients were enrolled. The study included 152 women and 156 men, aged 17 to 83 years (53.3 : : : ' : : : 13.1 years; mean : : : ' : : : SD). Each patient gave her or his informed consent before entering into the study. The study protocol was approved by our local Ethical Committee ( Department of Internal Medicine of the University of Genoa). All measurements except ABPM were recorded in the supine position between 9:00 AM and 9:45 AM in a quiet and temperature-controlled room (21 : : : ' : : : 2°C) at the Department of Internal Medicine. ABPM foliowed the basal measurements, starting from 10:00 AM to 10:30 AM. With the patient reeurnbent a Finapres (Finger-Arterial-Pressure, photoplethysmomanometry, Ohmeda Co., Englewood, CO) cuff was applied to the third finger of the left hand ( the appropriate cuff size was selected for the circumference of the finger). Hydrastatic effects were minimized by carefully maintaining the finger and cuff at heart level throughout the beat-to-beat recording of blood pressure. The appropriate position of the finger was repeatedly checked during the study. The Finapres system is a relatively new device, based on the studies of Marey and Pefiáz, and is able to measure noninvasively blood pressure from the finger with a surprisingly good correlation with blood pressure measured directly in the brachial artery. 4 After stabilization of PPM values (approximately 10 to 15 min), recording was started by the achvation of a software module loaded on a personal computer connected to the Finapres. After 10 min of continuous recording, a standard blood pressure measurement (right arm) was done by a mercury sphygmomanometer (MS) following the recommendations of the American Heart AssociationY The cuff was inflated to 240 mm Hg. Diastolic pressure was recorded as the onset of phase V (ie, the disappearance of the Korotkoff sounds). Thereafter PPM recording continued for 8 min. The readings from Finapres were averaged every six beats. After this procedure, ABPM was started, using SpaceLabs 90207 devices (SpaceLabs Inc., Redmond, WA), a validated instrument, 15 following standardized criteria: 4 readings I h ( day), 2 readings I h (night), 85% or more successful readings in the 24-h period, at least 2 valid readings I h ( day), and at least 1 valid readinglh (night). Day and night subperiods were from 7:00 AM to 10:59 PM and from 11:00 PM to 6:59AM, respectively. During the 24-h monitoring, patients were allowed to attend to their usual daily activities. Patients were studiedon the basis of normal or high values on MS ( > 140 mm Hg systolic or 90 mm Hg diastolic 12 ) 16 ) or high values on ABPM (Table 1) .
Data Analysis For statistica! evaluation, two different software packages were used for cross-verification with different algorithms: Instat 2.0 ( Graph-Pad Software Inc., San Diego, CA) and SAS (SAS lnstitute Inc., Cary, NC). For analysis of differences, ANOV A and Multiple Comparisons Post-Test for parametrie data (Bonferroni), Kmskal-Wallis nonparametrie ANOVA and Multiple Camparisans Post-Test for nonparametrie data (Dunn), and one sample t test were used. For independenee analysis, the x 2 test was used. The aim of the statistica! evaluation was to show whether two different measures are related to the same biologica! variable. Regression analysis to test the correlation linearity was done. Finally, some data sets underwent a plot of difference against the mean BLOOD PRESSURE EVALUATION IN HUMANS 295 to assess the agreement between two methods. 17 This assessment, based on graphic techniques, was proposed some years ago to replace misleading analyses, such as regression analysis and correlation coefficient, able only to verify if two measures record the same variable. These plots show, for each average value of two methods, the duferenee between them. It is possible at a glance to inspeet whether the duferenee is acceptable or outside an acceptable range.
RESULTS

Effects of Standard Measurement by MS on Blood
Pressure Systolic blood pressure was significantly (P < .05, ANOV A) increased by standard measurement in all patients, but in the reverse white coat (P > .05, Kmskal-Wallis ANOVA; Figure 1 ) the mean increase was 9.2 mm Hg versus the average basallevels in the supine position. The increase of the systolic blood pressure value started when the patients wore the cuff. No significant difference was found among patients, the mean increase varying from 7.3 to 13.2 mm Hg (P > .05, ANOV A). The values after the measurement persisted (P > .05, ANOVA) slightly increased. The increase of the diastolic blood pressure was minimal ( 4.04 mm Hg v the average basal levels), but significant (P < .05, ANOVA). Kruskal-Wallis ANOVA; nonparametrie ANOVA was selected owing to the absence of a normal distribution in the reverse white coat group). The same was found among diastolic values of these groups (Table 3) .
Relationships ABPM 24-h average systolic values
were significantly (r = 0.2797, F = 23.517, P < .0001) related to the age of the patients, whereas diastolic values were not (P = .7241). The same was also verified for the average values of ABPM during day and night subperiods, and for female and male subgroups. Very significant linear relationships (r = 0.4440 tor= 0.6931, all P < .0001) were found among systolic MS, PPM, and 24-h ABPM values, and among diastolic MS, PPM, and 24-h ABPM values. The relationship between increase in systolic blood pressure (PPM recording) dur-
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ing MS and decrease observed from the first to the third ABPM systolic reading was significantly linear in the whole group ( r = 0.1250, F = 4.400, P = .0369), whereas for diastolic readings the relationship did not reach the significanee level (P = .6352). The systolic decrease (first minus third ABPM reading) was significantly related to the SD of ABPM 24-h systolic values (r = 0.1868, F = 10.017, P = .0017) . 17 with demonstration of a very large disagreement (2 SD = 36.13 mm Hg; Figure 2 ). Average ABPM 24-h systolic values and basal average PPM systolic values, similar, related, and associated, underwent the same plot for measuring agreement, with demonstration of a very large disagreement ( 8 = 2.03 mm Hg, 2 SD = 40.29 mm Hg; Figure 3 ). The samewas shown for diastolic values.
This means that for each single systolic I diastolic sphygmomanometric reading the error may be as large as ±40 mm Hg in 95% of the patients, even higher in the remaining 5%. Difference between average PPM basal values and ABPM daily average values was significantly higher in white coat hypertensive patients (P < .05, ANOV A) than in the remaining patients. The same difference was significantly lower in reverse white environment and the presence of the physician and coat patients (P < .05, Kmskal-Wallis ANOVA).
2) the measurement per se. The first factor, consider-DISCUSSION ing the difference between systolic PPM average basal values and the systolic ABPM daily average values,
The effects of blood pressure measurement on blood affects blood pressure to a different extent in our papressure values consist of: 1) the influence of the clinic tients. lt is maximal in white coat hypertensive pa- tients ( the lowest, negative value was shown in reverse white coat patients). The measurement per se, consiclering the difference between PPM average basal values and PPM values under MS measurement, affects blood pressure to the same extent in both patients and normotensive subjects. Systolic blood pressure seems more responsive to these stresses ( the presence of the physician and the measurement of blood pressure) than diastolic pressure. In our patients, both systolic and diastolic pressures were significantly affected by the procedure. A previous study showed only minimal increases, or no changes, during office measurement of blood pressure, depending on maximum cuff inflating pressure. 18 Those researchers used a high inflation pressure (300 mm Hg, able to in duce discomfort or even pain in a subset of patients) and a low one ( 175 mm Hg, low for several hypertensive patients). The results, in both cases, are not comparable to the present study, where a medium pressure (240 mm Hg, enough for the majority of hypertensive patients and not inducing substantial discomfort) was used. Furthermore, those investigators enrolled only normotensive patients, dividing them into small groups. The increase we found during office measurement, in all but reverse white coat patients, lasts only a couple of minutes. Among the systolic values, the consistency between classic office sphygmomanometry and photoplethysmomanometry seems satisfactory at first glance, and the contrary would be amazing, being two measures of the same biologica! variabie (as shown by both significant relationships and associations 19 and associated with an initial cardiovascular damage. 20 Actually, the decrease during the first hour of ABPM seems related to the increase shown during blood pressure determination ( see above). Therefore, the decrease of pressor values at the beginning of ABPM recording is, at least in part, related to some stress (ie, alert reaction; see ref. 21 ). Four concerns are listed: 1) in trials in volving ABPM evaluation, this "turn-on stress" should be considered in interpreting results; 2) the research addressed to the evaluation of ABPM normal values should discard ( and evaluate separately) the readings of the first hour; 3) every hypertension unit should record a longer than 24-h cycle (eg, 25 hours) for ABPM, discarding the first hour before averaging values ( with the use of at least two ABPM recorders for a continuous cycle of work); and 4) ABPM software should be upgraded. The evaluation of white coat patients needs both office and ABPM measurements, because the use of a single method will overestimate hypertensive patients (MS alone) or will underestimate the white coat effect (ABPM alone). In our study white coat hypertensive patients do notshow a larger increase ( with respect to other patients) of blood pressure during the standard office measurement (ie, they have a "normal" blood pressure increase under measurement, not related to the environmental effect). This alert reaction is not related to other ABPM variables, therefore it does not appear to be related to other factors in everyday life.
Although Finapres cannot substitute for MS and ABPM tagether in diagnosing white coat or reverse white coat phenomena, it helps study noninvasively and without stress the alert reaction, and it helps show the multiple facets of blood pressure perturbations during office measurement of blood pressure.
